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BACKGROU ND OF THE INVENTION 

Field of the Invention 

The present invention relates ,o electronic enclosure seeing devices and. more 
particularly, «o a device and method of forming a notary electrically shielded panel. 

2 - Description of the Relate Arf 

Hectromagnetic interference ("EMI") is often th e bane of electronic equipment 
and circni, designers. Federai relations mandate that electronic equipment enclosures mnst 
not radiate electromagnetic signals that interfere with other proximately located electronic 
equipment. Electronic equipment enclosures must aiso be sufficiently shielded againsI 
mterference from electromagnetic stgnals radiated from other proxunately .ocated equipment. 
The challenge to designers to control EMI becomes increasingly more difficult as the operating 
speed of electronic devices increases. 

Currently, apermres defined in electronic equipment enclosures are sealed using 
electrically shielded panels, e.g. circuit-pack faceplates, blank f,„er pan*, covers, doors, etc., 
■ha. may comprise a separate pane, part and gasket. A metallic pane, pat, wi„ function as a 
conducttve shie.d Uta, spans the enclosure opening ,„ red „ce EMI passage therethrough. Here, 
•he gasket need only provide a perimeter sea, between the pane, part and the enclosure. The 
pane, pat, may a,so be non-metaUic, in which case a conducive paint or other similar conductive 
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materia! mus, be applied ,o me surface of the panel par, ,„a, is to receive (he gaste The 
conducive paint serves as a shield spanning the enelosnre opening and the gasket provides a 
perimeter sea, be.ow the pane, par, and the enclosure. The gasket may he, for examp,e, of 
metal, a mcm-impregnated eiastomer, or an elastomer wrapped in a me«a, sheath, and is affixed 
to the panel part in a subsequen, operation after the panel pan is formed. The gasket may be 
secured to the pane, par. by friction, adhesive, or by i„,er,ocki„g comp.emenfcry parts on the 
pane, par, and gaske, ,„ o«her words, fabricafing an elecfricahy shielded pane, i„v„,ves a, ,eas, 
a ,wo s,ep process: ,) fabricating ,he pane, part; and .hereafter 2) affixing a gaske. .hereto. 

U.S. Paten. No. 5,641,438 to Banyan e. al. discloses a method of ex.ruding a 
fluent elecrica.ly conductive polymeric ma,erial onfo a rigid s„bs,ra,e .o form a polymeric EMI 
gaske. .hereon. The polymer.c ma.eria, is .hen cured ,o produce a bead-like gaske, on the 
subs,ra,e. However, the gaske, disclosed in .his reference is ex.mded on.o ,he subs.ra.e as a 
secondary opera.ion ouly after .he subs.ra.e is fah„ca.ed and provides only a perimcer elecrica, 



seal. 



U.S. Pa,en, No. 5,524.908 ,o Reis discloses a multi-layered EMI gaske, having 
firs, and second electrically conducive layers, wi,h me second layer being more rigid man ,he 
firs,. The second layer mus, be conducive and generally malleable ,„ permi, bending, folding, 
notching and o.her forming of me disclosed EM, gaske,. The ,ayers may be secured fogemer 
in a variely of ways including bonding, we,di„g, laminaling, or o,her ar, recognized afrlxa.ion 
methods and ,ech„i q ues - os.ensibly as a ,l, ir d step after ,he layers have been fahrica.ed 
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to or between a substrate or other rigid material before it may be used to electronically seal an 
enclosure opening. 
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SUMMARY OF THE TNVF.lMTTOM 



The present invention advantageously provides a novel and unobvious device and 
method of forming a unitary electrically shielded panel that may be used to electrically seal an 
opening defined in an electronic enclosure to reduce the passage of EMI through the enclosure 
opening. In accordance with the present invention, the unitary electrically shielded panel is 
formed of an electrically non-conductive rigid thermoplastic panel part and a substantially planar, 
electrically conductive elastomeric gasket, i.e. a thermoplastic elastomer, in a single tool during 
a single injection-molding operation. 

In accordance with the method of .he presem invention, a unitarily formed 
elecrically shielded pane! is fabricated using a singie too, daring a single, two-shot injection- 
molding operation. A cavity defined within the tool comprises two pares: a firs, cavity par, sized 
and shaped for forming me rigid panel par,; and a second cavity pan sized and shaped for 
forming the gasket. A firs, sho, of ,he .wo-sho, fanning opera.ion injecs an elee.ricaUy non- 
conduefive rigid .hern.oplas.ie into ,he firs, cavity par, ,o form the rigid panel par. while a core 
is arriculatably situated in the second eavi,y par, - ,he core being subsian.ially the same size and 
shape as the gasket or the second cavity pa„. Following the firs, shot, the core is ar,icula,ed 
so as to substantially vacate me second cavity par,, and a sec0 , ld shot of the tw ^ ho( forming 
operafion injects an electrically conducive elastomer into the second cavity par, ,o form ,he 
gaske,. The conducive elasmme, chemically bonds ,„ and with the elecrically non-conducive 
rigid .hermoplastie, thereby forming a uni.ary elecrically shielded panel having an elecrically 
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non-conductive rigid thermoplastic panel part and a substantially planar and coextensive 
electrically conductive gasket unitarily formed therewith. 

The present invention is less costly to fabricate, requires no additional assembly, 
and provides a uniform and reliable EMI seal between the electrically shielded panel and the 
electronic enclosure. In addition, the panel part and gasket are separable and completely 
recyclable. 

Other objects and features of the present invention will become apparent from the 
following detailed description considered in conjunction with the accompanying drawings. It is 
to be understood, however, that the drawings are designed solely for purposes of illustration and 
not as a definition of the limits of the invention, for which reference should be made to the 
appended claims. 
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BRIEF DESCRTPTrnM n ¥ THF drawing 



In the drawings, wherein like reference characters denote similar elements 
throughout the several views: 



Fig. 1 is a front perspective view of a unitarily formed electrically shielded panel 
in accordance with the present invention; 

Fig. 2 is a rear perspective view of the shielded panel of Fig. 1; 
Fig. 3 is a front face view of the shielded panel of Fig. 1; 

Fig. 4 is a cross-sectional view of the shielded panel of Fig. 3 taken along the 
lines 4-4 in Fig. 3; 



Fig. 5 is a right side view of the shielded panel of Fig. 3 having a circuit-pack 
attached thereto: 



Fig. 6 is a rear face view of the shielded panel of Fig. 3; 
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Fig. 7 is a front view of an electronic equipment enclosure having a plurality of 
electrically shielded panels constructed in accordance with the present invention installed therein; 
and / ^ 



Fig. 8 is a diagrammatic view of a two-shot injection-molding apparatus for 
forming a unitary electrically shielded panel in accordance with the method of the present 



invention. 
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DETAILED DESCRIFriON OF THE PRESENTLY pp*™ PP ™ FMffnMlE ^ 

The present invention advantageously provides a novel and unobvious unitarily 
formed electrically shielded panel that may be used to physically and electromagnetically seal 
an opening defined in an electronic equipment enclosure to reduce the passage of EMI through 
the enclosure opening. The present invention also provides a method of forming such a unitary 
electrically shielded panel. In accordance with the present invention, the unitary shielded panel 
comprises an electrically non-conductive rigid thermoplastic panel part that is chemically bound 
to and with a substantially planar, electrically conductive elastomeric shield or gasket, both 
formed in a single tool or mold during a single injection-molding operation. The terms shield 
and gasket are used interchangeably herein in describing the substantially planar elastomeric part 
of the inventive shielded panel. 

Referring now to the drawings in detail, Figs. 1 and 2 depict an electrically 
shielded panel 10 constructed in accordance with the present invention. As used herein, the term 
panel is intended to include, by way of non-limiting example, circuit-pack faceplates, blank fdler 
panels, doors, covers, and other similar structure or devices that may be used to cover or seal 
an opening defined in an electronic equipment enclosure. The present invention applies to 
unitarily formed electrically shielded panels of virtually any shape and size and is not intended 
to be limited to the generally rectangular shielded circuit-pack faceplate described herein, which 
is merely an illustrative example and not intended to define or otherwise limit the scope of the 
present invention. In addition, the terms e.ectronic equipment enclosure and electronic 
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equipment cabinet are used in their broadest sense to refer generally to statures tha, contain 
electronic components, devices, systems, apparatuses, and die like. 

The unitary electrically shielded panel 10 comprises an electrically non-conductive 
rigid thermoplastic panel part 20 and a substantially planar, conducive elastomeric shield or 
gasket 30. The shielded pane, ,0 is formed in a common or single too. or mold during a single, 
two-shot injection-molding operation (as described in further detail hereinbelow, during which 
the panel par, 20 and gasket 30 are chemically bond* or bound together concurrent with their 
formation or fabrication to form the inventive unitary shielded pane, ,0. The panel par, 20 is 
generally rectangular in shape when viewed straight-on (i.e. from the front as in Fig. 3) and has 
two subamn.ia.ly parallel peripheral long sides 22 and two aubstantiahy parallel periphera, short 
aides 24 - the periphery of the panel par, 20 defining a panel part footprim 26 (sec _ „ g Rg 
3). When the unitary shielded pane, ,0 is employed as a circuit-pack faceplate, for example, 
the pane, par, 20 and gasket 30 may have a plurality of apertures 28 defined therethrough to 
accommodate display, (e.g., LEDs) or other visual indicators, switches, and other operative or 
informative circuit-pack components aa well as screws or other fasteners utilized ,„ secure the 
unitary shielded panel ,0 to an enclosure 40 (Fig. 7). .t will be apparent to persons ski., J in 
the art tba, the quantity, size and location of the apertures 28 will depend upon the specific shape 
and intended application of the shielded panel .0. The panel par, 20 and gasket 30 may 
alternatively comprise substantially solid or pans deyoid rf ^.^ ^ 

the like. Since the inventive shielded pane, ,0 may be used in various c„„fig urations , it wMI be 
obvious ,„ a person skilled in the ar, that the pane, par, 20 and gasket 30 may include, as a 

Q:\DMniTO\PATnNTS\4l67-l22.APP _ [Q_ 



A„or„ey Do*. No, Case N„. Dispone,- ,DS No. .,322, Exp „ ss „,„ N „ ; 

genera, matter of design choiee, aperrures. ridges, graves, tabs, bosses, and numerous other 
structural features to facilitate use of the panel 10. 

The panel part 20 is preferably formed from an electrically noo-conductive rigid 
thermoplastic such, by way of non-limiting example, as polyetherimide (PEI), polysulfone, 
polycarbonate, or polybuta. (PBT), although other thermoplastics are also contemplated by the 
present Invention. 

As shown more clearly in Figs. 2 and 6, the gasket 30 forms a substantially planar 
and coextensive conductive shield that covers the rear surface of the panel part 20. The gasket 
30 is generally rectangular in shape when viewed straighten (as in Fig. 6) and has a periphery 
defining a gasket footprint 36 that is, a, leas, in part, peripherally larger than the pane, footprint 
26. Specifically, the gasket 30 is wider than the panel part 20 preferably over most of its 
longitudinal length as depicted in Figs. 3 and 4. Thus, when two or more electrically shielded 
panels ,0 are placed side-by-side, as depicted in Fig. 7, the long sides 32 of the gaskets 30 of 
immediately adjacent electrically shielded panels !0 abutringly contact each other so as to 
provide a physical and electrical seal therebetween - effectively forming a substantially 
continuous and planar electrica, shield for electrically sealing an opening 50 defined in an 
electronic enclosure 40. The gasket 30 is preferably formed of a thermoplastic elastomer 
blended with a conductive fi„er and is sjMctarty .COa^^j^ ss!s ^ 
thermoplastic panel par. 20 to permit the two materials to bond together during formation^ 
panel 10 in a single tool during a two-sho, injection molding process. The «o^S%16o 
prevents adverse reaction between the conductive and non-conductive materials during formation 

Q:\DMr\.TO\PATENTS\4 167-1 22. APV _}J_ 



Attorney Docket No, Case No. Dispenza-2; IDS No. 113221 Express MaiI No ; EL041414965US 

and use of the inventive panel 10. The compatibility further ensures sufficient bonding between 
the dissimilar materials as the panel 10 is fabricated and during the useful life of the panel 10 
yet permits their selective separation for recyclability. The materials may be chemically and/or 
mechanically bonded together - mechanical bonding resulting from the high pressure at which 
the two materials are processed during formation of the panel 10. Exemplary, non-limiting 
elastomers include ethylene-propylene-diene-terpolymers and styrene block copolymers. The 
conductive filler may by way of example comprise a short or long graphite fiber compound or 
a graphite powder. It will nevertheless be obvious to persons skilled in the art that other 
electrically conductive elastomers may alternatively be used to form the gasket 30 without 
departing from the spirit of the present invention. 

When the inventive shielded panel 10 is configured as a circuit-pack faceplate, as 
is depicted for example in the drawings, the rigid panel part 20 will generally include a plurality 
of mounting tabs 21 that extend substantially perpendicularly outward therefrom. (See, e.g., 
Figs. 4 and 5). The gasket 30 may also include a plurality of conductive tabs 31 located near 
and spaced apart from the mounting tabs 21 and extending generally parallel thereto. In this 
arrangement, a circuit-pack 60 may be attached to the tabs 21, 31 using any suitable type of art- 
recognized attachment means or methods for mechanically and electrically attaching the circuit- 
pack 60 to the shielded panel 10. 

Referring next to Fig. 7, an electronic equipment enclosure 40 is depicted having 
a plurality of electrica.ly shielded panels 10 disposed in adjacent abutting relation to each other 
so as to provide an electromagnetic barrier or sea. over an aperture 50 defined in the enclosure 
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40. For this il.ustra.ive example, the aperture 50 defines the opening through which circuit- 
packs are operative!, inserted into the enelosure 40, although the aperture 50 may alternatively 
be an access opening in the enclosure 40, a sing.e circui.-pack opening, or any other number of 
functional openings. The gaske, 30 of each electrically shielded pane, 10 serves at least three 
purpose, first, 1, e.ecrrically contacfingly engages ^ e|ectronic mjkm ^ ^ ^ ^ ^ 
short sides 34 of Ore gasket 30 ; second, „ abuttingly contacts the gaske, 30 of adjacent 
eleerrieally shielded panels ,0; and third, i, provides a substantially p, a „ ar shield that attenuates 
or reduces the passage of EMI through .he aperture 50. Thus, when a plurality of the inventive 
panels 10 are installed in the enclosure 40 so as to complete* fil, t he expanse of the apertnre 
50, the plural panels 10 effectively sea, the apertnre 50 and subslancially hlock or reduce <he 
passage of EMI therethrough. Consequently, ,he enclosure 40 radiares less EMI and is less 
susceptible to EMI radiated hy other electronic devices. The plura, inven.ive panels ,0 depicted 
in Fig. 7 and discussed in the Hlustrative example hereinabove may consist of any combination 
of circuh-pack faceplaces, blank filler panels or covers. Alternately, a sing.e electrically 
shielded pane. 10 may be sized and shaped ,o sealing* cover me entire aperture 50. 

The presem invemion additionally provides a method of forming, in a common 
or single too! or mold and during a single injection-molding operation, a unitary electrically 
shielded pane. ,0 having a „o„-e,ec,rica„y conducive rigid thermoplastic pane, part 20 
chemicaHy bound ,o and i„ t egra„y carrying a subs,a„,ia„y planar and coex,e„ S ive electrically 
conducive elasiomeric shield or gaske, 30. As used herein, me ,erm i„jec,ion-„,o,di„g includes 

without limitation gas-assist injection-mold in* hieh-oressure and i™, . 

uui^,, mgn pressure and low-pressure structural foam 
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memo* and processes. * inventive method, diagmmmaricany depicted hy ,„e apparatus of 
Fig. 8, is prefer a two-shot m^on-molding process , although other ^ ^ ^ 
mowing « oth erwise forming also con(empiated ^ wj[hin ^ ^ ^ 

die present invention. A tool or mold tin h« «■ 

mold 120 has a first cav,ty 140 defined therein in the 

approximate size and shape of the nane, narf an « j 

P ttte panel part 20. A second cavity 150 is defined within the tool 

.20 immediately adjacent the first cavity ,40 so tha, the firs, and second cavities 140 ,50 are 
relattvely positioned ,„ the same manner in which the pane, pa* 20 and gaslce, 30 are re,ative,y 
posttioned in the eomp.eted pane, ,0, and is pre f e rab ,y the approximate size and shape of the 
Sasxe, 30. The too, ,20 is configured for a two-sho, tnjecion-moldtng process dortng which 
a firs, shot injects an electrically „„„. onductive rigid m ^ ^ ^ ^ ^ 

■o form the rtgid pane, pat 20. Afier a predetermined time period, i.e. the time retired for 
■he t„enn„ P ,as t ie ,00 to change from a ,i quid to . solid , . second sho[ ^ ^ 

wtm the P ane, part 20 cone™, with ita fonmtioa h (he moH m ^ ^ ^ 
■hetmopiastic (i.e. po.yetherimide), the predefined time period is between approximate,, ,5 

other thermoplastics to change front a ,i quid t0 . solid may vary ^ ^ ^ ^ ^ 

and Shape of the cavity ,50. The core ,30 is animated so as ,„ suhstaneiaUy vacate the second 
cavtt, ,50 prior to the second she,. The electrically shielded pane, ,0 priced hy the 
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hereindescribed method is an integrated and unitary device comprised of an electrically non- 
conductive rigid thermoplastic panel part 20 that is chemically joined and bound to and with a 
substantially planar, electrically conductive elastomeric gasket 30. It is thus possible, according 
to the present invention, to reliably, quickly and inexpensively fabricate an electromagnetic 
shield panel. 

Both the first and second shot occur during a single forming operation and thus 
form the inventive electrically shielded panel 10 during a single, two-shot injection-molding 
process. 

Thus, while there have shown and described and pointed out fundamental novel 
features of the invention as applied to preferred embodiments thereof, it will be understood that 
various omissions and substitutions and changes in the form and details of the devices illustrated, 
and in their operation, may be made by those skilled in the art without departing from the spirit 
of the invention. For example, it is expressly intended that all combinations of those elements 
and/or method steps which perform substantially the same function in substantially the same way 
to achieve substantially the same results are within the scope of the invention. It is the intention, 
therefore, to be limited only as indicated by the scope of the claims appended hereto. 
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